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[57] ABSTRACT 

A door operator includes a low noise, low radiation emission 
but high sensitivity super-regenerative receiver. The low 
radiation emission of the receiver allows the installation of 
plural operators in close proximity. The door operator 
receiver includes a supci-regencrativc circuit apparatus with 
a super-regenerative circuit and a resistively loaded cascode 
preaiiq>lifier stage that phase shifts a received RF signal and 
tightly couples the prean^lifier stage output to the super- 
regenerative circuit. A cascode circuit airangement of a field 
effect transistor (FED ^d a bipolar transistor jM-ovides 
forward gain and very high reverse direction gain or isola- 
tion for tiie preamplifier stage. Preferably, the resistive 
loading elements and the phase-shifting elements are 
coupled to the cascode circuit between the transistcTs. The 
present invention also relates to a cascode preamplifio' 
stage, a supcr-rcgcncrative circuit, and a RF receiver each 
including such a preamplifier suge. 

30 Claims, 4 Drawing Sheets 
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SUPER-REGENERATIVE CIRCUrr the super-regenerative receiver, thus providing a receiver 

APPARATUS FOR A DOOR OPERATOR that is attractive for use in a garage door operator, to 

RECEIVER AND DOOR OPERATOR niinimizc the cost of the operator. 

INCORPORATING THE SAME The present invention relies upon a cascode preampliiier 

5 stage that cooperates with a regenerative circuit stage to 

BACKGROUND OF THE INVENTION inittimize the amount of RF radiation emitted by a receiver 

The present invenUon relates to supcr-rcgencxative recciv- that includes these sUges. At the same time, the prearapMer 

ers in garage door openers or "operators". More specificaUy, stage increases sensitivity for the super-regenerative circuit 

the present invention relates to a cascode prcaii5)Mcation The preferred cascode preamplifier stage has low noise, 

circuit stage fOT a super-regenerative circuit, a RF receiver forward gain characteiistics and also voy high reverse 

equipped with such a cascode preamplifier stage in combi- isolation. It has a low input in^>edance at its coupling with 

nation with a super-regenerative circuit, and a garage door the supcr-regcncrativc circuit stage to hi^y couple these 

opener including a such receiver stages and reduce noise transferred therebetween. The jwe- 

Electrical garage door openers include radio frequency {^f ^eampUficr stageitsclf fcatoc^ a cascade 

(RR receiver's toL:eive^trol signals from a remL^ dual-gate field effect transistor^^^^ 

transmitter, namely a hand-held triismitter typically kept fnmgen^m that is resist^ lomled to ensure stable ampli- 

within the horn Jwncr^s car. A type of raX reLivi; f ^^'^ Preferably, the FET and bipolar arraiigement also 

hereinafter referred Co as a sup.-r^nerative receiver, is, ^^S'^^L'^^ iSli^ 

from a cost staodpoiot, very attractive for use in garage door ,^ v<uiis« i«i wai« v« .uiui« «ujau>^ ^u^ux / 

uuiuabUMouutut^uih auiovuov. 20 While protectloE the (esultaiit recdvcT aod door operatoT 

q>eners. Hie cost of manufacture for such receivers may be r~ fiu««uis u.c >«>>^'^' -TT xm t £7! .k. 

^ut half of that for oystal osciUator-based receivers. ftomgenOTbngumnttndedoscmaUon.MorepreferaW^^ 

ZevrwiZrexpen^e shielding, super-regenerative resistive loadmg <tevice coopmtes w^^^^ 

recciven are electriadly noisy. enhance phase shift within the preamplifier stage. 

rr o T>-* WT nrift J- 1 ^ •u I Bnefly, a radio frequency (RF) controlled door operator 

U.S. Pat No. 3,746,999 discusses examples of the clcc- 25 • * i>t7 j i *_ • ^ ^ « * oi? 

, . .1. . . iZn. * J * ^u- * • -m,-. responsive to RF signals from an assoaated remote RF 

tncal noise that is attributed to this type of receiver. This . . -.i. ^ 
uiwu uux«= ui« 10 ux ti transmitter m accordance with tfie present invenuon com- 
patent comments on noise resulting from the generation or . _^ ^ • ^ 1 • ^ „ 
^ . ^ , . , J , I ^ J . u-u * pnses: a motor for openmg and dosmg a doon a super- 
quench osallauons Aat ar^ developed to re^^^ ^generative receiver for revering a data signal froTa 
aregenerauve orcmt and goes on to s ^^^.^^^ ^ ^^^^.^/^ ^^^^^^^ ^ 
ariseasarcsuUofthequeacho^^^^ 30 regenerative circuit with an input and an outpul; a cascode 
withlocalosciUationsmtheproxmutyofthere^^^^ prLmpMer stage connected to the input of the super- 
examples of noi«^ problems m super-rcgenerative receivei^ ^genaative cir^t for amplifymg a recdved RF sign^dto 
are radiaUon of the superimposed mmng and qu^ch ^je an ampMed sign7and applying its amplified signal 
frequenaes, and also other unwanted emission at different sui^gencrative circuii: the pr^lificr ^gc 
firequenaes. 35 ^^j^^jji^jg 3 ^gj^j transistor (FET) and a bipolar tran- 

In garage door openers, interaction between conventional ^^^^^ connecting the FET to the supcr-rcgencrative circuit, 
super-regenerative receives becomes very problematic ^ ^^^^^^ transistor cooperating to produce 
where two or more such c^ners are employed in close ^ ^ direction from the input of the super- 
proximity, for example at the same site. Typically, garage regenerative circuit to an input of &e prean^lifier stage, data 
door opener receivers are manufactured to operate at the 40 amplifier means having an input connected to the ou^t of 
same frequency. Thus, where multiple such operators are super-regenerative circuit for recovering a data signal 
employed at the same site, it is not unlikely that one receiver ^ ^^^^^ ^^^^ super-regenerative receiver 
will locJc on to the quench oscillations of anotha receiver ^^^^^^ decoder means connected to the data amplifia- 
and then ignore the radio frequency signal from its assoa- decoding a data signal appUed tiiereto by the data 
atedhand-hcldtiansmittcr. As such, the receiver locked onto 43 amplifier means and generating a decoded control signal 
the quench oscillation will not respond to operator com- therefrom; and control means, responsive to a decoded 
mands issued by way of the hand-held transmitter At ^^^^^ ^^^^ controlling die 
minimum, such conditions limit Ae effective range of the motor, 
hand-held transmitter from the recdva. At WOTSt. they result 

in a lock-up or non-responsiveness by one car more receiver. 50 BRIEF DESCRffTION OF THE DRAWINGS 

SUMMARY OF THE INVENTION Further aspects and features of the present invention will 

_ ... ^ ..^ be even more qmarcnt from the following detailed dcscrip- 

Thc present invention pertams to a cascode preamplifier drawings, and the appended claims. In the draw- 

stage for a supcr-regenerative circuit, a super-regenerative 

apparatusindudingsuchar^earopM^^^ 55. pic. a block diagram showing a prefeired garage door 
with a RF supcx-regcncxative circuit a super-regeneiative ^ « accordance with the prf sent invention; 

receiver equipped with such a super-regenerative cffcuit vpcittwi m «w,uiuaui.c wiui uic yx^^ux ' 
apparatus, and a garage door opener including sudi a FIG. 2 is a drcuit diagram showing details of the cascode 
super-regenerative receiver. This results in a reliable garage preamplifier stage of the garage door operate of FIG. 1; 

door operator that has higji sensitivity with low ndsc and 60 FIG. 3A is a Smith diagram illustrating input impedance 
features very low unwanted RF output radiation. The super- characteristics looking through the cascode preamplifier 
regenerative receiver, according to the present invention. stage of FIG. 2 from the antenna of the door operator of FIG. 
overcomes interference problems in conventional super- 1 to the output of the preaitq^lifier stage; 
regenerative recdver based door operators due to oscillation FIG. 3B is a diagram, similar to FIG. 3A. showing the 

radiation when plural conventional door operators are 6S impedance characteristics looking backwardly through the 
installed at dose proximity. The present invention accom- cascode preamplifier from the output thereof back to the 
pushes this goal without significantly increasing the cost of antenna; 
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FIG. 4A is a linear frequency plot showing the forward 
gain through the cascode preamplifier stage of FIG. 2 with 
particular focus at the tuning frequency of the preferred 
super-regenerative circuit of FIG. 5; 

FIG. 4B is a plot similar to FIG. 4A of the reverse gain or ^ 
isolation of the cascode preamplifier stage of FIG. 2; 

FIG. 5 is a schematic diagram showing the {H'efenred 
super-regenerative circuit ideally suitable for use la the 
garage door operator of FIG. 1; 

FIG. 6 is a logarithmic amplitude plot of radiation ou^ut 
of the super-regenerative receiver of FIG. 5 when fed by the 
cascode preamplifier stage of FIG. 2; 

FIG. 7 is a circuit diagram of a five-pole bandpass filter 
suitable for use in Ihe garage door operator and super- 13 
regenerative circuit apparatus in accordance with the present 
invention; and 

FIG. 8 is a circuit diagram of a RC filter stage and a data 
amplifier stage suitable for use with the garage door operator 
and super-regenerative circuit apparatus in accordance with 20 
the present invention. 

DETAILED DESC!RIFnON OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a garage door operator 10 equipped with a ^ 
cascode preamplifier, in a supcr-rcgcncrative receiver, in 
accordance with the present invention. Door operator 10 is 
shown in block diagram foma. Herein, particular attention 
will be given 10 the super-regenerative receiver 12 which 
detects and decodes control signals that are applied by the ^ 
receiver to a control system 14 which controls a motor 16 to 
open and close a garage door, gate, or like assembly 18. 

EYcfcffcd supcr-regcncrativc receiver 12 is contemplated 
to receive at a 390 Mhz carrier frequency and is tuned 
thereto. It detects a single frequency (390 Mhz), continuous 
wave (CW) signal that is on-and-off modulated to superim- 
pose a data signal on the 390 MHz carrier wave to produce 
a RF command signal. The quench frequency of receiver 12 
is atxMit 1 Mhz. ^ 

Preferred receiver 12 is coupled to an antenna 20 that is 
connected to a band pass filter 22 in the receiver. Output 
from the band pass filter 22 is applied as Input to the cascode 
preamplifier stage 24. Output from the cascode prean^jlifier 
24 is coupled to a super-regenerative circuit 26 diat includes 45 
a quench oscillator 28. Super-regenerative circuit 26 
retrieves the RF command signal and applies the retrieved 
command signal, with the quench signal also superin^sed 
thereon, as low level Input to a RC filter 30. In the preferred 
form of receiver 12* and door operates' 10, filter 30 cooper- jq 
ates with a data amplifier 32 which together filter both the 
carrier frequency and the quench frequency, arapliiy and 
further process die filtered signal to recover the data signal 
prior to providing the data signal to a decoder 34. Decoder 
34 receives the amplified data signal as input, decodes it, and 
supplies decoded control signals to the controller 14 which 
controls motor 16 and the door equipment 18 accordingly. 

FIG. 2 is a circuit diagram of cascode preamplifier stage 
24. The heart of cascode p-ean^lifier 24 is a dual gate FET 
Ql and a bipolar transistor Q2. A 33 nH inductor LI go 
connects the drain D of FET Ql to the emitter leg E of 
bipolar transistor Q2. Inductor LI provides phase adjust- 
ment i<K the cascade connection of FET Ql and bipolar 
transistor Q2. 

Cascode preamplifier stage 24 receives filtered RF com- 65 
mand signal input from antenna 20 through a 1.2 pF capaci- 
tor CI located at the output of band pass filter 22 and the 



4 

input of die cascode preamplifier. Capacitor CI is transpar- 
ent to RF input from filter 22 but blocks DC voltage 
therefrom. The RF command signal passed by capacitor CI 
is applied to gate Gl of FET QL A voltage divider formed 
by a 470K resistor Rl and a 22k resistor RIO provides DC 
bias for gate Gl at about 0.5 VDC. A 3.9 pF capacitor C2 and 
a 33 pF capacitor C3 short AC voltage over Rl to ground 
prior to contact with the power supply. 

The other gate of FET QL namely gate G2, receives a DC 
bias voltage of about 2.7 VDC by way of its connection to 
a DC gain set control circuit 100. Circuit 100 connects to 
supply power through capacitor C2 and a 75K resistor R2. 
Circuit 100 includes the parallel arrangement of a 22K 
resistor R3, a 3.9 pF capacitoa* C4 and a 33 pF c^>acitor CS, 
all connected b^een a line to gate G2 and ground. The 
circuit 100 including resistor R3, capacitor C4, and capacitor 
C5 strips AC components from the DC bias voltage applied 
to gate G2. 

Next, note die source S of FET Ql. Source S is connected 
to a DC feedback and stability network 110. In preferred 
cascode stage 24, network 110 consists of a 10 O resistor R4 
and a 33 pF C5 connected in parallel between the source S 
and ground. 

Preferred cascode prcanaplifier 24 includes a resistive 
loading network 120 connected in parallel with inductor LI 
to the emitter E of transistor Q2 at a connection point PL 
Network 120 includes a series connection of a 200 ft resistor 
R5. from connective point PI, and a 33 pF c^adtor C6 
connected between resistOT R5 and ground. Network 120 
stabilizes the cascading connection of FET Ql and transistor 
Q2. It also reduces the Intensity of the 390 MHz spectrum 
emitted by receiver 12. Network 120 furthcx cooperates with 
inductor LI to phase shift the RF command signal forward. 
Likewise, inductor LI further contributes to stability pro- 
vided primarily by network 120. Given this disclosure, those 
of ordinary skill in the art also will note that in some 
applications, a 0.5 pF cq)acitor, connected to inductor LI 
(prior to connection point PI) and to ground can be used. 

With particular focus now on bipolar transistor Q2. &c 
base B of transistor Q2 is supplied with DC bias by bias 
circuit 130. Power supply voltage is applied to the base of 
transistor Q2 through a 5.6K resistor R6 and thereafter a 
network of an UK resistor R7, in parallel with a 10 ft 
resistor R8, and a 33 pF capacitor C7 in scries with R8. Bias 
circuit 130 applies a DC bias of about 6.7 VDC to the base 
B of transistor Q2. 

Another gain network 140, that also contributes to stabil- 
ity in preamplifier 24, is connected to the collector C of 
transistor Q2, upstream of the output of cascode preamplifier 
stage 24. Network 140 is seen to include a parallel connec- 
tion of a 200 ft resistor R9 and a 0.01 pF capacitor C8. In 
gain network 140, resistor R9 has a lower value than is 
normally found in such an arrangement At its output, 
cascode preamplifier 24 includes a 33 pF coupling capacitor 
C9. C^adtor C9 likewise is transparent to RF but blocks 
DC voltage. As such, coupling capacitor C9 prevents noise 
and DC from being applieiid to the super-regenerative circuit 
26 connected to the preamplifier output 

In preferred cascode stage 24. FET Ql acts as a low noise 
amplifier. The FET Ql has low reverse gain, Le. high 
isolation from the output of preamplifier stage 24, at capaci- 
tor C9. to the input thereof at capacitor CL Such low noise 
and high isolation characteristics act to limit oscillation that 
otherwise would be radiated by receiver 12. Bipolar tran- 
sistor Q2, arranged in common base configuration, further 
increases the isolation attributes of FET Ql. The parallel 
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connection of inductor Ll. and networic 120 consisting of " pF bypass capacitc« C20. A connective point P20 connects 

resistor R5 and capadtor C6 both add to the stability of the voltage divider 2M. bypass cig>acitor C20, and the quench 

resulting super-regenerative recdver 12 by resistive loading, oscillatiH' 28 to the base of bipolar transistcH' Q20. 

and provide for phase adjustnient Resistor R5 and capacitor ^ ^f^^ prrfewed quendi oscillator 28 oscillates at 

C6 primarily provide the resistive loading fliat increases 5 j j^jjj^ ^y^j, oscillation primaiily is set by the 220 

stability and decreases emission of 390 MOz os^on „h inductor L20 connected between the base and the emitter 

toductor Ll pnmarily advan«ss die phase of &e sjgna^ of lransUtorQ20. One terminal of inductor L20 is connected 

isolat,rn.alsocontrx^utestoloweru.gthenoi.fa<^to ^ 'Z^S^^-^;^^^: '^^^^^^ 

super-regenerative circuit by providiiig gain. Resistor R9, by ^^^^iwe y^^u^^^ i^i^^^n ms^^ 

viAue of its low value, furth^ oontribuL to the stability of ^^0 ^ 

therecdver. These components,incoopcratioii with thehigh C^adtor C22, resistors R23. R24. and inductor L20 

value of output capadtoa- C9. heavily couple preamplifier detennine the quench frequency of oscillator 28. Values of 

stage 24 to super-regenerative circuit stage 26 to reduce capacitor C22. resistors R23, R24, and inductor L20 arc 

noise within the receiver 12. selected to lower the noise figure of receiver 12. and to tune 

Reference now is made to HGS. 3A through 4B. HG. 3A frequency where receiver is sensitive to be dose to the 

is a Smith diart showing the impedance charactmstics of a r&i^cd spectrum. 

conunerdal form of cascode preamplifier stage 24 as seen ^VP^^^ capacity C20, a 1 pF capacitor C24, and an 

from the antenna terminal As apparent from HG. 3A, the inductor L22 tune supar-regenerative circuit 26 for operation 

iiz^>edance, z- as seen from the antenna terminal generally at 390 MHz. In a preferred form of super-regenerative 

is given by z^61-j91). On the other hand, HG. 3B shows circuit 26, inductor L22 can have a value within a range of 

the impedance characteristics of the same commercial about 52 nH to about 63 nH. In practice, as wiU be 

embodiment of prcan^^lifier 24 looking upstream of the 25 appreciated by those of ordinary skiU in the art the tuned or 

anqjlifier from its ou^ut at coupling capacitor C9. TTie operation frequency of circuit 26 will be set by the inductor 

iII^)cdance, shown by the Smith chart trf FIG. 3B 1-22, the stray capacitance thereof, and the coUector capaci- 

generally is given by z=(6-p2). As appreciated by those of tance of transistor Q20. Capacitor C24 arranges transistor 

OTdinary skill in the art tiiese impedance measurements may Q20 in common base configuration, 

differ. FIG. 4A and FIG. 4B illustrate the forward and ^ A small signal recovery nctWOTk 220 connects between a 

reverse gain respectively through the commercial farm of terminal of inductor L22 and bypass capacitor C20. Network 

preferred cascode preamplifier 24. As seen from FIG. 4A, 220 includes a 22 ^F filtering capacitor €26 to decouple the 

the fcrward gain at 390 MHz is about 9.7 db. As seen from quench oscillatioDS from the system power supply. Resistor 

FIG. 4B, the reverse gain or isolation of cascode preampU- R26. connected in parallel with capacitor C36, is a 4.7K load 

fier 24 ai 390 MHz is about -43.97 db. 35 resistor. A 33 pF capacitor C28 is connected to the other side 

From the disclosure hereof, alternative configurations will of resistor R26 and shorts RF to ground. Signal recovery is 

become apparent to those of ordinary skill in the art. For developed over an 18K recovery resistcx^ R28. from which 

instance, a DC block by means of a drain load resistor, or an the recovered RF command signal together with the quench 

inductor for drain bias, could be provided between FET Ql oscillation, are output on the 3.6K ou^ut resistor R30. The 

and bipolar transistor Q2. Ftirther, if it were desired to 40 othcrsideof output resistor R30 connects to the input of the 

remove the ground plane fix)m tiie circuit board on which RC filter 30 for the regenerative circuit 26. 

preamplifier 24 is mounted, a parallel capacitor could be FIG. 7 shows a preferred form of a banc^ss filter 22' 

placed across inductor Ll, to compensate for the ground suitable for use as filter 22 in the present invention. As seen 

plane removaL Also, an inductcr or a transformer could be from FIG. 7. pr^enred band^>ass filter 22* includes a 1.5 pF 

used to bias bipolar transistor Q2. Further, somewhat lower 45 capacitor C40 located between the antenna 20 and a first 

capacitance values for capacitor C9 also could be accept- inductor 140. Inductor L40 can be in the range of about 68 

able. The range of capacitance values for capacitor C9 could nH to about 86 nH. It, in turn, is connected to a second 

be from about 10 pF to about SO pF and still maintain high inductor L42, which in turn connects to the input capacitcn: 

coupling between the prean^>lifier 24 and the super- CI of cascode preamplifier stage 24. Inductor L42 can have 

regenerative circuit 26. 50 a value in the range of about 88 nH to about 110 nH. 

Next, consideration is made of Ihe super-regenerative Connected in parallel between inductors L40 and L42 is a 

circuit 26 and its accompanying quench voltage oscillat<sr parallel network provided by a 12 pF capacitor C42 and a 3.3 

28. Super-regenerative circuit 26 can be conventional. pF capacitor C44, connected between the inductors L40 and 

However, a preferred form of a super-regenerative circuit is iA2 and ground. Capacitor C40, inductor 1.40. capacitor 

disclosed harein and is ideally suited for use in pr^cired 55 C42, c^adtor C44, inductor I>42, and also capacitcr CI, 

receiver 12 because of its ti^ coupling and cooperatioD provide a five-i>ole banc^ss filter and impedance matching 

with cascode preanQ)lifier stage 24. Such preferred super- network for receiver 12. Prcfarcd filter 22* transforms the 

regenerative circuit 26 and quench voltage oscillator 28 are impedance of antenna 20 to provide low noise matching 

shown at the component level in FIG. 5. The super- with the FET Ql of preamplifier stage 24. This provides 

regenerative circuit and quench oscillator of FIG. 5, when 60 suitable jHiotection to die receiver 12 from signals outside of 

used in connection with preferred cascode preamplifier stage the receivers* band width. Alternatively, as also will be 

24, display the reduced oscillation radiation output level appreciated by those of ordinary skill in the art, different 

such as shown in FIG. 6. bandpass filter arrangements, with, for example, a lesser 

Preferred super-regenerative circuit 26 connects to cou- number of poles, could be substituted for filter 22" without 

pling capacitor C9 throu^ a voltage divider 200. Voltage 65 detracting from the operation of the present invention, 

divider 200 includes a 24K resistor R20 and a 4.7K resistor A preferred version of RC filter 30 and data signal 

R22. Resistor R20 also Is connected in parallel with a 100 amplifier 32 is shown in FIG. 8 and lat>eUed as filter 30' and 
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data signal amplifier 32' respectively. As seen from FIG. 8, 
resistor R30 at the ou^ut of super-regenerative circuit 26 
also forms part of the RC filter 30\ Filter 30' Includes 
resistor R30, a 2.2K resistor RSO connected to resistor R30, 
and a 100 pF capacitor C50 connected in parallel therebe- 
tween. On the other side of resistor RSO, a 0.0068 fiF 
capacitor C52 connects between resistor RSO and ground. 
Resistor R30. capacitor C50, and resistor RSO cooperate to 
filter the carrier firequency con^nent from the low level 
superimposed RF command and quench signals recovered 
by resistor R28 of super-regenerative circuit 26. Resistor 
RSO and capacitor G52 filter the quench oscillation to 
provide a filtered signal. 

Prefeircd data amplifier 32' includes a first substage 60 
defined by operational amplifier 62, and a second substage 
70 including a bipolar transistor Q70 and a second opera- 
tional amplifier 72. The first substage 60 squares the filtered 
signal ^plicd to it from the RC filter 30* by provision of a 
longer time constant on the non-invexting input to opera- 
tional amplifier 62. In the second substage 70, transistor Q70 
further amplifies the squared signal The open loop configu- 
ration of the second substage 70. including opaational 
amplifier 72, further shapes the squared signal byway of the 
time constant difference between the iapuxs of amplifier 72. 
As also seen from FIG. 8, substage 60 includes several other 
discreet components, namely resistors R60, R62. R64. R66, 
and capacitors C60, C62 and 064 that are not discussed in 
detail herein. The values of the conqxjnents, however, are 
given in FIG. 8. The same is done for substage 70 and its 
discreet components R70, R72, R74, R76, and R78, and 
c^acitor C70. 

As noted in the foregoing, FIGS. 7 and 8 merdy show 
well suited filter and data amplifier arrangements for use in 
connection with the present invention. However, as will be 
appzrcat to those of ordinary skill in the ait, other alterna- 
tives to these arrangements can be provided. 

The operation of preferred receiver 12 now will be 
described with reference to preamplifier 24 and the other 
preferred elements discussed hereinbefore. Five pole band- 
pass filter 22' filters noise and o^er out-of-band signals to 
apply a received 390 MHz. CW naodulated command signal 
to prean^lifier stage 24 from antenna 20. Filter 22* is 
configured to provide a good impedance match to FET Ql 
of prean^jMer 24. 

Preamplifier stage transistOTS Ql and Q2 provide low- 
noise amplification of the filtered signal from filter 22" prior 
to coupling the signal to supcr-rcgenerative circuit 26. This 
permits a high degree of signal transfer to the super- 
rcgencrative stage 26 without dan^ning oscillation in the 
super-regenerative stage. While preamplifier stage 24 has 
high gain in the forward direction, FET Ql and the oonunon 
base configuration of transistor Q2 ensure very low gain or 
high isolation in the reverse direction from output to input 
Transistors Ql and Q2 and their associated resistive loading 
network 120 and phase shifting elem^ents (inductor LI and 
network 120) thus decouple super-regenerative circuit 26 
and quench oscillator 28 from antenna 20, in the reverse 
direction, to limit the receiver's radiation at 390 MHz, and 
to prevent other undesired oscillation in the receiver. 
Specifically, resistive loading by resistor R5 and capacitor 
C6 contribute to reducing emission of the receiver's 390 
MHz spectrum as well as lending stability to the contibina- 
tion of stages 24 and 26. 

Capacitor C9 heavily couples an amplified (filtered) out- 
put signal to super-regenerative circuit 26. The high cou- 
pling factor improves the noise factor in receiver 12. When 
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the output signal from cascode preamplifier stage 24 is - 
coupled to super-regenerative circuit 26, tiie amplified signal 
alters the quench oscillation period and amplitude. This 
alters the collector cunent of transistor Q20 and creates gain 
5 in the super-regenerative circuit stage 26. Circuit 26 devel- 
ops a modified command signal including the conunand 
signal with the quench oscillation superimposed thereon as 
a recovered signal across resistor R28, and couples the 
recovered signal to tite filter 30' and data amplifier 32* stages 
over resists R30. The recovered signal, as applied to filter 
30\ is present on capacitor CSO. The recovered signal has a 
very low intensity level. In filter 30\ resistor R30, capacitor 
CSO and resistca: RSO filter the caxria- frequency component 
from the recovered signal to provide a filtered recovered 
signal, still superimposed witii the quench signal Resistor 
15 also foims the next filtering substage with capacitor 
C52 to filter the quench frequency from the filtered recov- 
ered signal From here, operational aiiq)lifier 62 squares and 
level shifts the fully filtered signal to ^ly a level shifted 
signal to transistor <J7 which in turn provides for further 
20 amplification thereof. Transistor Q7 applies tiie anq>lified, 
level-shifted signal to operational amplifier 72 which shapes 
the level shifted signal, to provide die data signal as its 
output Decoder 34 receives the recovered data signal from 
preferred data amplifier 32', decodes it and accordingly 
2j applies decoded control signals to controller 14. 

The present disclosure includes subject matter defined in 
the appended claims, as well as that of the foregoing 
description and drawings. Although the present invention 
has been descrit>ed in connection with preferred fcnns 
thereof, and therefore with a certain degree of particularity, 
it is to be understood that the present disclosure of the 
preferred forms is made only by way of example and tiiat 
numerous changes in the details of construction, beyond 
those expressly descritjcd herein, may be made, and that 
changes in the combination and arrangement of parts may be 
made without departing from the spirit and the scope of the 
invention as hereinafter claimed. 
What is claimed: 

1. A super-regenerative circuit apparatus for a radio 
frequency (RF) controlled electrical garage door opener with 

40 a RF receiver, said apparatus comprising: 

a super-regenerative circuit including a tuned circuit 
tuned to an operational frequency and a quench oscil- 
lator that periodically enables and inhibits said super- 
regenerative circuit according to a quendi frequency, 

45 said super-regenerative circuit producing an output 
signal with said operational frequency and said quench 
frequency supcrin^sed; and 
a cascode circuit connected to an input of said super- 
regenerative circuit as a preamplifier stage therefc?, 

^ said cascode circuit including a field effect transistor 
(FET) and a bipolar transistor connecting said FET to 
said super-regenerative circuit, said FET and said bipo- 
lar transistor cooperating to produce very low gain in a 
direction from said input of said super-regenerative 

55 circuit to an input of said cascode circuit to thereby 
decrease RF radiation emitted from said super- 
regenerative circuit 

2. A super-regenerative circuit apparatus as claimed in 
claim 1, oon^jrising: 

eo resistive loading means connected to said FET and said 
b^lar transistor for increasing stability in said cascode 
circuit. 

3. A super-regenerative circuit apparatus as claimed in 
claim 2. wherein 

65 said cascode circuit further con4)rises phase shifting 
means connected between said FET and said bipolar 
transistor, and 



01/27/2004, EAST Version: 1.4.1 



5,742,902 



10 



- said resistive loading means is connected in parallel with 
said phase shifting means, said resistive loading means 
cooperating with said phase shifting means to i^ase 
shift a signal amplified by said cascode circuit 

4. A super-regenerative circuit fy>paratus as claimed in s 
claim X wherein 

said phase shifting means includes inductive means, and 
said resistive loading means includes a capadtive means 
and a resistive means connecting said capacitive means 
to said inductive means. ^° 

5. A super-regenerative drcuit apparatus as claimed in 
claim 4, wherein 

said inductive means is an inductor that connects the drain 
of said FET to the emitter leg of said bq>olar transistor, 

said capacitive means is a capacitor, 

said resistive means Is a resistor that connects said capaci- 
tor to a connective point between said inductor and said 
emitter leg, and 

said b^lar transistor is connected in common base 20 
configuration. 

6. A super-regenerative circuit apparatus as claimed in 
claim 4, further con^)rising large value coupling capacitance 
means connecting the collector leg of said bipolar transistor 

to said super-regenerative circuit. 25 

7. A super-regenerative circuit apparatus as claimed in 
claim 6, wherein said coupling o^adtancc means has a 
capacitive value of about 33 pF. 

8. A super-regenerative circuit apparatus as claimed in 
claim 6, including a gain network connected to said coUectcr 30 
of said bipolar transistor, said gain network including a 
parallel connection of a resistor having a value of about 200 

CI and a capacitor. 

9. A super-regen^ative circuit apparatus as claimed in 
claim 2, wherein 3^ 

said FET is a dual gate FET having a first gate and a 
second gate, 

said cascode circuit includes a DC gain control ciroiit for 
said FET, and 

said first gate is connected to an input of said cascode 
circuit and said second gate is coonected to said DC 
gain control circuit 

10. A super-regenerative receiver for a radio frequency 
(RF) controlled electrical garage door, said receiver cono 
prising: 

a super-regenerative circuit including a tuned circuit 
tuned to an operational frequency and a quench oscU- 
lator that periodically enables and inhibits said super- 
regenerative circuit according to a quench frequency, ^ 
said si^r-regenerative receiver producing an output 
signal with said operational frequency and said quench 
frequency $uperiii^>osed; 

a cascode circuit connected to an input of said si^r- 
regenerative circuit as a preamplifier stage dicrefor, ss 
said cascode circuit including a field effect transistor 
(FED ^d a bipolar transistor connecting said FHT to 
said super-regenerative circuit, said FET and said bipo- 
lar transistor cooperating to produce very low gain in a 
direction from said input of said super-regenerative 
circuit to an input of said cascode circuit to thereby 
decrease RF radiation emitted from said super- 
regenerative drcuit; and 

a band pass filter connected to an input of said cascode 
circuit 65 

11. A super-regenerative receiver as claimed in claim 10. 
comprising: 
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resistive loading means connected to said FET and said 
bipolar transistor. 

12. A super-regenerative receiver as claimed in claim 11, 
wherein 

said cascode circuit further coit^ses phase shifting 
means connected between said FFT and said bipolar 
transistor, and 

said resistive loading means is connected in parallel with 
said phase shifting means, said resistive loading means 
coq>erating with said phase shifting means to phase 
shift a signal amplified by said cascode circuit; and 

said bipolar transistor is connected in common base 
configuration. 

13. A super-regenerative receiver as claimed in daim 12, 
fiuther comprising large value coupling capacitance means 
connecting the collector leg of said bipolar transistor to said 
super-regenerative circuit 

14. A super-regenerative receiver as claimed in claim 13, 
including 

a gain network connected to said collectcr of said bipolar 
transistor, said gain netw(H:k including a parallel con- 
nection of a resistor having a value of about 200 Q and 
a capacitor, and wherein 

said FET is a dual gate FHT having a first gate and a 
second gate, 

said cascode circuit includes a DC gain control circuit for 
said FHT, and 

said first gate is connected to an iiq>ut of said cascode 
circuit, and said second gate is connected to said DC 
gain control circuit 

15. A super-regenerative receiver as claimed in claim 12, 
further comprising 

a filter connected to receive an output signal from said 
super-regenerative circuit to provide a filtered signal; 

a data amplifier for recovering a data signal from a filtered 
signal from said filter; and 

a decoder for detecting control codes in a data signal 
recovered by said data amplifier. 

16. A radio frequency (RF) controlled door operator 
re^nsive to RF signals from an associated remote RF 
transmitter, said door cperator con^irislng: 

a motor for opening and closing a door; 

a super-regenerative receiva for recovering a data signal 
from a received RF signal, said receiver including 
a super-regenerative circuit with an input and an out- 
put; 

a cascode prean4)lifier stage connected to said input of 
said super-regenerative circuit for amplifying a 
received RF signal to provide an amplified signal and 
applying its amplified signal to said super- 
regenerative drcuit said preamplifier stage indud- 
ing a field effect transistor (^ET) and a bipolar 
transistor connecting said FET to said super- 
regenerative circuit said FET and said bipolar tran- 
sistor cooperating to produce low gain in a direction 
from said input of said super-regenerative circuit to 
an input of said preamplifier stage. 

data amplifier means having an input connected to said 
output of said super-regenerative circuit for recov- 
ering a data signal from an output signal from said 
super-regenerative receiver circuit and 

decoder means connected to said data amplifier means 
for decoding a data signal applied thereto by said 
data amplifier means and generating a decoded con- 
trol signal therefrom; and 
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cotttrol means, responsive to a decoded control signal 
from said decoder means, for controlling said motor. 

17. A door operator as claimed in claim 16. comprising: 
resistive loading means connected to said FET and said 

bipolar transistor. 

18. A door c^Terator as claimed in claim 17, wherein 
said cascode circuit furtiiei con^irises phase shifting 

means connected between said FET and said bipolar 
transistor. 

said resistive loading means is connected in parallel with 
said phase shifting means, said resistive loading means 
cooperating with said phase shifting means to phase 
shift a signal aropliiied by said cascode circuit, and 

said bipolar transistor is connected in common base 15 
configuration. 

19. A door c^ator as claimed in claim 18, further 
comprising large value coupling capacitance means connect- 
ing the collects leg of said bipolar transistor to said super- 
regenerative circuit. 20 

20. A door operator as claimed in claim 19. including a 
gain network connected to said collector of said iHpolar 
transistor, said gain network induding a parallel connection 
of a resistor having a value of about 200 Q and a capacitor, 
and wherein 2S 

said FET is a dual gate FET having a first gate and a 
second gate. 

said cascode circuit includes a DC gain control circuit for 
said FET. and 

said first gate is connected to an input of said cascode ^ 
circuit and said second gate is connected to said DC 
gain control drcuiL 

21. A preamplifier stage for a super-regenerative circuit in 
a radio frequency (RF) receiver for use in an electrical door 
opener, said preamplifier stage comprising: 

an input for receiving an RF signal; 

an ou^ut adapted to connect said preamplifier stage to a 
super-regenerative circuit; and 

a cascode circuit connected to said input, said cascode 40 
circuit including a field effect transistor (FET) and a 
bipolar transistor connecting said FET to said output^ 
said FHT and said bipolar transistor cooperating to 
produce low gain in a dkection from said output to said 
input to thereby decrease RF radiation emitted from a 43 
super-regenerative circuit connected to said output 

22. A preamplifier stage as daimed in claim 21, including 
resistive loading means connected to said FET and said 

bipolar transistor for increasing stability in said cascode 
circuit ^ 

23. A preamplifier stage as claimed in daim 22. wherein 
said cascode circuit fimher con^irises phase shifting 

means connected between said FET and said bipolar 
transistor, and 
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said resistive loading means is connected in parallel with 
said phase shifting means, said resistive loading means 
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cooperating with said phase shifting means to phase 
shift a RF signal an^lified by said cascode circuit 

24. A preamplifier stage as claimed in claim 23, wherein 
said phase shifting means includes inductive means, and 
said resistive loading means iocludes a capadtive means 

and a resistive means connecting said capacitive means 
to said inductive means. 

25. A pieamplifier stage as claimed in claim 24. wherein 
said inductive means is an inductor that coimects the drain 

of said FET to the emitter leg of said bipolar transistor. 

said capadtive means is a c^adtor. 

said resistive means is a resistor that connects said capaci- 
tor to a connective point between said inductor and said 
emitter leg. and 

said bipolar transistor is connected in common base 
configuration. 

26. A preamplifier stage as claimed in claim 24. further 
con^rising large value coupling capacitance means connect- 
ing die collector leg of said bipolar transistor to said output 

27. A preamplifier stage as claimed in daim 26. wherdn 
said coupling capadtance means has capacitive value of 
about 33 pF. 

28. A preamplifier stage as daimed in claim 26. induding 
a gain network connected to said collector of said bipolar 
transistor, said gain network Induding a parallel connection 
of a resistor having a value of about 200 Q and a capadtor, 

29. A preamplifier stage as claimed in claim 21. wherdn 
said FET is a dual gate FET having a first gate and a second 
gate, 

said cascode circuit includes a DC gain control circuit for 
said FET. and 

said first gate is conneaed to an input of said cascode 
circuit and said second gate is connected to said DC 
gain control circuit 

30. A method of signal amplification in a super- 
regenerative receiver for use in an electrical door opener, 
said method conqmsing the steps of: 

providing a super-regenerative circuit with an input and 
an output; 

providing a cascode preamplifier stage upstream of said 
super-regenerative circuit, said cascode preamplifier 
stage including an input for recdving a RF signal, an 
ou^t for coupUng said preanq)lifier stage to said input 
of said super-regenerative circuit a field effect transis- 
tor (FET), and a bipolar transistor connecting said FET 
to said output of said cascode preamplifier stage; 

rcsistivcly loading said FET and said bipolar transistor to 
increase stability in said preamplifier stage; 

phase shifting a RF signal applied to said input of said 
preaii^>lifier stage; and 

providing low impedance coupling means between said 
iiq)ut of said super-regenerative circuit and said output 
of said preamplifier stage. 
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